The clathrate compounds with the type I structure cause much interest due to their promising thermoelectric and superconducting properties. This has led to extensive research in the peculiarities of their synthesis and crystal and electronic structure. Recently we have discovered a new family of tin-based polycationic clathrates [1] featuring vacancies in the clathrate framework. It is easy to show that, to the first approximation, the new clathrates are Zintl phases having the reversed host-guest polarity; and the concentration of the vacancies correlates with the total number of electrons ensuring the closed-shell configuration of each atom of the framework. Substitution of tin by an element with a lower number of electrons leads to vacancy-free clathrates.
In this work we discuss some important features of the polycationic clathrates, for which the properties contrast to those of the much better explored polyanionic clathrates [2] . Firstly, the tin polycationic clathrates exhibit an unprecedented chemical compressibility. For instance, the decrease in the cubic unit cell parameter is 14 pm on going from Sn 24 P 19.3 I 8 to Sn 24 P 19.3 Br 8 , which is about 4 times bigger than that typical for the polyanionic clathrates. Secondly, the substitution of a metal with a fewer number of valent electrons for tin in the clathrate framework results in the distribution of the atoms over positions with different coordination. As a consequence, a superstructure sometimes arises due to the ordering of atoms and/or vacancies. It is established that the electronic structure is to a large extend determined by the nature of the substituent and by the mode of coordination of the tin atoms within the framework. Finally, a transition metal Ϫ copper Ϫ can be incorporated into the clathrate framework leading to a range of compositions that cannot be justified by the Zintl-Klemm formalism, and, consequently, to interesting properties. However, the copper-containing clathrates are stable only in a certain temperature range, and require development of novel synthetic routes. This work was supported by INTAS, contract 99-01672, and Russian Foundation for Basic Research (RFBR), grant 00-03-32539a.
